lessen, and the limbs become spastic. In some cases the paralysis completely disappears. " To my mind, the hemiplegia fully developed has some resemblance to that produced by the apoplectic stroke in the arteriosclerotic adult, where a massive and sudden vascular catastrophe occurs in the territory of the middle cerebral artery. The uselessness of the arm exceeds that of the leg; the facial weakness tends to disappear first. There the similarity ends. As Taylor said, the commencement of infantile hemiplegia has no parallel in the adult hemiplegia. Further, the anatomical lesions are dissimilar.
In addition to the cases of apparently spontaneous eruption, one must add, as Taylor remarked, that in about a third of the infantile hemiplegias the disease appears as a complication of one of the infectious fevers. Even in 1905 he added, and I think this equally important to-day, there was no obvious connexion between the specific fever and the complicating, though rare, hemiplegia. The method of association is still a matter of controversy. Possibly it is unwise to concentrate too rigidly on a conflict in one hemisphere, as both may be affected, either spontaneously, or following one of the specific fevers. The bilateral involvement then produces a diplegia, though often of unequal severity in the two halves of the body.
The following tables give some idea of the frequency of hemiplegia to diplegia; age of onset; and spontaneous onset as opposed to being a complication of a specific fever. These tables were compiled by notable physicians in the more spacious days of the past. Sachs and Peterson (1890) show the greater frequency of hemiplegia to diplegia, and that 82 of the hemiplegias are contained in the congenital group and in those noted to have arisen in the first three years of life. Table IL gives the records In all, the great preponderance in the first three years of life is clearly indicated. Gowers (1888) stated that seven-eighths of acute infantile hemiplegias had their onset in the first five years of life. With the concentration of cases within the first three years, it is probable that many of those which suddenly develop hemiplegia of a permanent character, and are associated with mental deficiency, depend on antenatal and especially natal causes. The trigger that fires the explosion, the convulsion and hemiplegia, is not pulled, however, until some time after birth. In many of this type a history of prolonged, difficult labour and asphyxia of the infant at birth is obtained.
Before reviewing the morbid anatomy of acute infantile hemiplegia, and before looking for the reason of the delayed onset of hemiplegia of natal origin, the ground must first be cleared of some of the so-called congenital hemiplegias. This is not always easy, as it may be several months before a unilateral weakness becomes obvious. Most of the activities of the newborn infant depend on reflex pathways in the brain-stem and spinal cord, and signs of pyramidal involvement of a higher level take a variable time to appear. Parents are unaware of any fault until their suspicions are aroused by the infant's retarded power of action. Most hemiplegias of antenatal and natal origin, however, are in existence from birth and only a small percentage of such cases are epileptic. I have nothing more to say about them except that abnormal labour is an important xtiological factor in the congenital group of hemiplegias (23%). Also difficult to differentiate from a case of acute infantile hemiplegia is the infant of good bodily health and nutrition, which, at a few weeks or months of age, commences to have a series of little fits or twitchings, or severer convulsions perhaps affecting one-half of the body, and accompanied very often by temporary want of movement of a limb or limbs. To a trained observer, such an infant may always have aroused suspicions of a want of interest or intelligence. Pneumoencephalography is the only method I know whereby the poverty of one or both hemispheres, in all the crudity of their maldevelopment, or possibly natal damage, can be revealed beyond dispute ( fig. 1 ).
To return to' the morbid anatomy of infantile hemiplegia, R. M. Stewart's cases are a selective group of hemiplegias with mental deficiency of institutional domicile. It is not always known when the amentia first declared itself, as at time of certification the parents' statements are often unreliable. It will be noted that the majority, or 102 cases, male and female, were either congenital or occurred in the first three years of life. Many of these hemiplegias with onset after-birth must have depended on natal or antenatal defects, although in some the hemiplegia was ushered in by convulsions soon after birth. 3 cases are of special interest with onset of convulsions and hemiplegia within the first two years of life, as they showed at autopsy sometime before their thirtieth years hypoplasia of one hemisphere. The small hemisphere showed no reduction in size of nerve cells, no vascular changes, no gliosis, no atrophy of convolutions, no widening of sulci. It must have been due to a developmental error in foetal life ( fig. 2 ). Speculation on autopsy material from patients dying years later than the onset of the hemiplegia is of limited value, as gliosis or scar-tissue will have blurred out the original traces. Multiple confluent petechial hemorrhages, or necrotic areas due to asphyxial venous congestion at birth, may coalesce and lead to a large trabeculated cystic cavity in the central white matter of one hemisphere ( fig. 3 ), or an initial softening with disappearance of cortical neurones may gradually be replaced by a secondary sclerosis or gliosis, ending in lobar sclerosis, or even hemiatrophy of the brain. Taylor held the view that as a result of vascular occlusion in childhood atrophy and shrinkage without death of the supporting tissues was a possibility ( fig. 4 ).
Norman, from his study of these delayed forms of birth palsy in mental defectives at Stoke Park Colony, Bristol, aptly remarks that the original lesions spare sufficient cortical tissue to mask for the time being the inherent instability of the infant's motor apparatus. But as sclerosis gradually increases, epileptogenic foci are formed, convulsions begin, and hemiplegia is precipitated.
A common combination of central softening and secondary sclerosis, along with etat marbre of the basal ganglia, accounts for the frequency of some degree of athetosis in the affected limbs of some young hemiplegics; infantile hemiplegia differing in this aspect from the adult form. The explanation lies in the lesions being in the territory of venous drainage of the great vein of Galen in the infantile form. As Eardley Holland showed, the venous tributaries draining the central white matter of the hemispheres are end-veins stopping short of the cortex, but having the corpus striatum within the same venous system. With difficult prolonged birth and severe head moulding, the vein of Galen is kinked on the straight sinus and severe asphyxial congestion, oedema, diapedesis of red cells affect the central areas of the hemispheres and the basal ganglia. In the adult hemiplegia, the damage is in the arterial pathway, middle cerebral artery usually. One of my cases was probably of the above type; a boy born with some asphyxia and head moulding developed, in July 1947, a sudden convulsive episode with acute right hemiplegia and mental impairment. He improved for a time, but later grew worse and died in December of the same year. The C.S.F. had been normal. In November, Mr. McKissock had performed a lumbar encephalogram, which showed gross bilateral cortical atrophy with dilatation of the ventricles. The left cortex opposite the hemiplegia was more atrophic than the right.
A picture of unilateral sclerosis and cystic degeneration, probably of vascular causation, is depicted in figs. 5 and 6, from a case published by W. E. Le Gros Clark and Dorothy S. Russell (1940, J. Neurol. Psychiat., 3, 123) . It shows the shrivelled left hemisphere from a girl, previously in good health, who, at 8 years, suddenly became convulsed and developed an acute hemiplegia, and after some general improvement died at 13 years in a condition resembling status epilepticus. Here there was a conspicuous degree of atrophy and cystic degeneration of the left cerebral The morbid anatomy of "acute infantile hemiplegia" as defined by Taylor, where the earlier history provides no suspicion of mental or physical defect, appears to depend almost entirely upon vascular changes, not in the form of gross bleeding or rupture of vessels, but in the form of vascular occlusions, arterial more often than venous, either by embolism or thrombosis; or in perivascular changes due to agents, toxins, and other antigens travelling via the blood-stream.
The anatomical lesions show great variety. In rapidly fatal cases, arterial occlusion is a common finding. Whether it be embolism or thrombosis is disputed. In 1 of my 7 cases, a child just under 2 years, in good health, suddenly developed convulsions, coma, right hemiplegia, and died within a week. At autopsy, the left anterior cerebral artery was occluded throughout its distribution. On cross section, the left frontal lobe showed a multitude of minute black vascular points. There was no disease found in the circle of Willis, nor in any other part of the body. Ford and Schaffer (1927) record 16 cases with vascular o&clusions, usually in the territory of the middle cerebral artery.
In some cases with previous good health coming to autopsy soon after the onset of hemiplegia, two types of encephalopathy have been described. The first appears to be a non-specific acute toxic encephalopathy occurring in many different diseases, probably as a result of bacterial toxins. Grinker and Stone have described the lesions varying from congestion, cedema, necrotic nerve cells and disintegration of cortical neurones to areas of cortical softening. Proliferation of the endothelium of the small cerebral vessels was observed, but an absence of signs of bacterial invasion. With lesions sufficiently extensive, a hemiplegia or diplegia may be produced. In cases of 463 minor severity the damage is reversible and recovery may be gradual. This type of encephalopathy, as also the second type, is chiefly a complication of pneumonia, tonsillitis, scarlet fever, and other acute infectious diseases.
The second type sometimes found is called the hcmorrhagic encephalopathy.
In this, as a result of bacterial or other circulating toxins (Alpers, 1928) , small areas of congestion and necrosis surrounding small blood-vessels, which may have their lumen occluded by swollen endothelium, are found chiefly in the white matter of the brain. The circular areas are usually ringed by a hkmorrhagic zone. There is no evidence of bacterial invasion. Similar lesions may be produced following treatment with arsenical compounds.
The toxic and the hwmorrhagic encephalopathies are distinct anatomically from the type characterized by demyelination in the central white matter. In the latter form convulsions may be an initial symptom, but more often stupor sinks into coma. Hemiplegias, diplegias and other nervous signs occur in this type of encephalopathy, and may be either temporary or permanent. It is, perhaps, necessary to state that gross or macroscopic hemorrhage, intracerebral, is one of the rarest intracranial lesions in childhood. None of the cases presented was secondary to disease elsewhere in the body. So intracranial bleeding secondary to leukemia, hypertension, bacterial endocarditis, spontaneous subarachnoid hemorrhage, can be excluded. Nor were they due to diphtheria with severe cardiac involvement and dislocation of clot from the auricles.
Despite the excellent description of subdural hematoma in children from birth onwards by Ingraham and Matson, who collected 98 cases in six and a half years, I have, in the last two years, after diligent search by dural taps in all infants under 6 months in my ward with suspicions of cerebral disturbance, so far only found one in twenty examinations with a subdural hmmatoma. The condition occurs more often in children under 2 years of age, due to injury to the head. 2 recent ones I have had were in toddlers after an injury to the head from a fall. The bulging fontanelle, torpor, punctate hemorrhages in the fundi, facilitated the diagnosis. One had extensive unilateral subdural clot, with contralateral paresis of the limbs, and 51~_W the other a large right cephalhxmatoma, fractured parietal bone, and gross underlying extradural extravasation, and mild paresis of .X the left arm. Nor should we expect the extra-A w X \ dural or subdural hematoma to give rise to hemiplegia, unless the blood clot be excessively thick and extensive. The infant's cortex withstands an amazing amount of pressure without focal paralysis appearing. Paralysis, hemiplegia, is more likely to appear later as a result of t i ...atrophy of the cortex.
Only one other instance of confusion shall I cite; a boy of 1 year and 3 months, who developed a convulsion lasting four hours, followed by frequent twitching, fever, and a left hemiplegia. The optic fundi were normal. Mantoux skin reaction was strongly positive. X-ray of chest revealed miliary tuberculosis. At autopsy an enormous tuberculoma impinging on the right in- FiG. 7. -Tuberculoma of right hemi-ternal capsule was found, which had produced no sphere; left hemiplegia of sudden onset. inconvenience until convulsions occurred (fig. 7) .
Theories of pathogenesis of acute infantile hemiplegia.-The pathogenesis of acute infantile hemiplegia I have reserved to the last. A review of the voluminous literature clearly shows how speculation has outrun fact.
(1) Of historical interest is the theory, so long-lived and widely accepted, of 2i3-
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Strumpell (1884), later supported by Marie (1885), that infection was the cause, and the infection probably polio-encephalitis, the counterpart of poliomyelitis. This must finally be abandoned. Recent research by Howe and Bodian in man and chimpanzee refers to the minor encephalitis accompanying the spectacular myelitis, meaning that the cerebral lesions lack the saturation of the spinal ones. Barring the brain-stem nuclear lesions causing most of the deaths in acute infantile paralysis, there is no authentic instance known of hemiplegia, nor of diplegia, due to the virus of polio. The initial stage of stupor, or of coma, seen in some cases of polio is ephemeral.
(2) A theory based on more solid ground is that of vascular occlusion, usually arterial, either by embolism or thrombosis. Some acute hemiplegias undoubtedly occur as a result of an infectious fever. I have mentioned those in diphtheria with cardiac weakness. Rolleston was able to collect in 1908 66 cases complicating scarlet fever, and in 6 out of 7 post-mortems embolism or thrombosis was found to be the cause. But this does not provide an answer why a child in apparent good health may suddenly be convulsed, become comatose, and show a hemiplegia. Yet in one of my cases already mentioned, the anterior cerebral artery on one side was thrombosed.
(3) More recently, other viruses, type unknown, are used as scapegoats to explain all cerebrospinal paralyses of obscure origin. There is little evidence to support this theory in regard to a permanent hemiplegia, or a diplegia. Viruses are selective, with preference for the nuclear masses of grey matter. In epidemic encephalitis, the preference is for nuclei in the brain-stem, and hemiplegia is an uncommon expression of this disease. Recovery from virus invasion of nuclear cells, also, is slow and often incomplete, so would not account for sudden hemiplegiavwith rapid recovery.
(4) In the third of all the acute infantile hemiplegias reckoned to follow the acute infectious diseases, I have already mentioned the non-specific encephalopathies, acute toxic and hmemorrhagic, which have been found in some cases. These it is thought are secondary processes to circulating bacterial and other toxins. No doubt on a grand enough scale, one or other type might produce a hemiplegia; or an acute cerebellar ataxia, if the vascular lesion is in the cerebellum.
(5) Lastly, there is the group of encephalopathies complicating vaccination, variola, measles, chicken-pox, rubella. In them the nervous complications are varied, but a hemiplegia or a bilateral paresis, temporary or permanent, has often been witnessed. In some cases the onset is spontaneous-acute spontaneous encephalomyelitis. In both the post-exanthematous and the spontaneous, the histological lesion is essentially the same. The characteristic anatomical lesion is perivascular demyelination in the central white matter of the hemispheres.
So far, no theory of how the demyelination is produced has stood itsground. At first, either the virus of the exanthem was accused, or a hypothetical neurotropic virus activated by the primary infection. Demyelination, however, is not a proved feature of virus infection in man, nor in the experimental animal, nor is it found as a result of generalized vaccinia. The secondary virus remains hypothetical and has escaped detection.
Recently, a more promising line ofinvestigation into the production ofdemyelination is being perfected by the experimental pathologist. Briefly, this is the production of multiple lesions of demyelination in monkeys and other animals by injection, subcutaneously or intramuscularly, of homologous or heterologous white brain substance, combined with adjuvants, heat-killed acid-fast bacilli, &c. The adjuvants help to precipitate the reactions, but the injection of the adjuvants alone produced no results. This reaction is considered to be an immunological tissue response, or one due to allergy, or a specific brain antibody-antigen reaction. The similarity to the lesions in some of the post-infectious encephalopathies in man is considerable, and it is suggested that an infecting agent may stimulate formation of a cerebral antigen which reacts with specific antibody in perivascular tissues (Morgan, 1947; Kabat et al., 1947) .
The hypothesis is attractive, but can as yet only be advanced tentatively. Hurst (1944) , working experimentally on demyelination, stated that the means by which it can be produced are diverse; further, its production under experimental conditions does not necessarily furnish a clue to the etiology of those human' diseases characterized by perivascular demyelination.
Such a theory, however, would go far to explain some of the cases of spontaneous hemiplegia and diplegia in childhood. Short of demyelination, which is irreversible, there is perivascular cedema and exudate. The process need not progress to its full development, and recovery can be expected. In 3 of my list of hemiplegias, 1, a child of 3 years and 10 months, developed acute infantile hemiplegia and was fully recovered in three months. In two others, with spontaneous hemiplegias coming on at 11 months and at 17 months of age (one being under the care of Dr. M. Edmunds), recovery has been almost complete, except for a slight clumsiness of the affected hand, in periods of three months and one year respectively. Such cases surely cannot be ascribed to vascular thrombosis, and are unlikely complications of virus invasion. The cerebrospinal fluid was normal in each. In a similar connexion I may mention a post-measles case of Dr. Sheldon's, a boy of 84 years, exposed to measles beginning of April 1947, eight days later was given 5 c.c. measles convalescent serum, with subsequently a mild attack of measles. Seven days later he became drowsy, febrile, comatose, diplegic, but in eight days was completely well again. Even more suggestive was a case I saw of a girl of 71 years, who, eight days after a normal vaccination, became irritable, stuporose, febrile and rigid, with bilateral extensor plantars, yet within five hours she was conscious, able to feed herself, and her spasticity had departed. To my mind, such cases speak, not for a bacterial agent, but for a specific tissue reaction, possibly antigen-antibody acting through vascular channels, and in these several instances, arrested in an early stage before irreversible damage had occurred. One last case, which I may mention through the kindness of Dr. Banks of the Park Hospital, a boy of 4 years had concurrently whooping cough and mumps, and became convulsed, unconscious for six days, with a left hemiplegia clearing up in eight days. The pathogenesis is more controversial here, as the possible nervous complications of mumps are varied, but, as Dr. Taylor said many years ago, it is likely the specific fever stands only'as a predisposing cause.
There is obviously much still to be done to unravel the pathogenesis of acute infantile hemiplegia and diplegia. The examination of pathological material calls for close study by the morbid anatomist as the opportunity occurs. The chances of further light being thrown on the problem, in my opinion, lie largely in the hands of the research worker in experimental pathology.
